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(54) Mtcracap waf^levei package 

(57) A microc^ wafer-level package [1 0] Is provid- 
ed in which a micro device f 14] is connected to bonding 
pads [16, 18] on a base wafer [12]. A peripheral pad [20] 
on ^e t^ase wafer [12] encompasses the bonding pads 
[1 6, 18} and the micro device [14]]. A cap wafer [24] has 
ga^ets [22. 34, 36} fomned thereon using a Wck pho- 
toresist semiconductor photolithographic proems. 
Bonding pad gaskets [34^ 36] match the perimeters of 
the bonding pads md a peripheral pad gasket [22] 
matches the peripheral pad [20] on the base wafer [12]. 
Wells [56^ 58] are located inside the perimeters of the 



bofKi pad gaskets [34, 36] and are fonmed to a prede- 
termined depth In the cap wafer [24]. The cap wafer [24] 
is then placed over the base wafer [12] to cold weld bond 
the gaskets (22, 34, 36] to the pads [20, 16. 1 8] and form 
a hermetically sealed volume [25] between the bonding 
pad gaskets [34, 36] and the per^heral pad gasket [22]. 
The cap wafer [24] is th^ thinned b^ow the predeter- 
mined depti until the wells [56, 58] become through 
holes [26» 28 ] tiat provkie access to the bonding pads 
[16, 1 8] inside the package [10], but outside ttie hermet- 
ically sealed volume [25\, for connecting wires [30, 32] 
from a micro device {14} ufUlztng systmi. 




FIG. 1 
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Description 

CROSS-REFERENCE TO RELATED APPLiCATiONS 

[0001] This Is a Continuation of copending U,S. Pat- 
ent Application by Richard C, Ruby, Tracy E. Bell, Frank 
S. Geefey. and Yogesh M. Desai titled "MiCROCAP WA- 
FER-LEVEL PACKAGE", Identified by serial number 
09/359,844 and filed on July 23, 1999. 

TECHNICAL FIELD 

[6002] The present invention relates to wafer-level 
packaging techniques, and more specifically to wafer- 
bvei, chip-scaJe packaging of semiconductors. 

BACKGROUND ART 

10003] Currently, there are a number of wafer-to-wa- 
ier bonding techniques that have been used for pack- 
aging semiconductor devices. Techniques used have in- 
cluded silicon-to-giass anodic txinding, silicon-to-silicon 
1usk>n boncPng, and wafer-to-wafer bonding using Inter- 
mediate materials as the actual bonding media. Such 
intermediate materials have mchjded silicon dlo)dde, 
and soft metals such as gold, indium, and aluminum, 
and have been bonded using eieclrical. thermal and/or 
compressiontechrMques. 

[0004] There are various problems with aM of these 
techniques. The anodic bonding of a glass wafer to a 
silicon wafer involves the use of high voltages that can 
be detrimental to the eiectrorrfc circlets present on the 
^Koc^ wafer. SPmllady, the ^ficon-to-siilcon bcMiding has 
to be done at very high vottage and also at a high tem- 
perature. Both of these techniques can melt metals with 
tower meitHig points than tiie temperature required to 
perform the bonding so they canr>ot be used wnth c&timn 
types of semiconductor de\^ces on slPk:on wafers. Ma- 
terials such as glass frit involve relatively large bonding 
areas which results in an increased die size thereby Mm- 
rting the number of devices that can be fabricated on a 
given wafer. Further, some of these techniques cannot 
assure reliable hermetic seals of the packaged device. 
[0005] One example of such packaging method Is 
shown in U,S. Paient Number 6,448,014 to Kong et al. 
However, Kong et aL requires multi-layer standoffs to 
adjust the distance between the two wafers. Additional- 
ly, the disclosed use of different materiaJs for each of the 
wafers can cause potentially adverse consequences 
due to the different themial coefficients of expansion of 
the materials when the package is manufactured using 
heat as disclosed. 

[0006] A relatively simple process that would provide 
a non-electrical, iow temperature method for hermeti- 
cally packaging micro devices on or in semiconductor 
wafers has long been sought. Further, a process has 
been sought whic^ uses processes that are standard, 
or dose to standard, and ^esently us^ In a typical 



semiconductor laboratory or manufacturing fadlity. 
[0007] Also, In the past, making electrical contact to 
the packaged devices was difficult because existing 
nnethods did not provide a wafer-to-wafer seal that al- 

5 iows the electrical conductor to pass through the wafer 
package itself without the use of epoxy, grommets, or 
sealing rings in the through holes around the wires. The 
previous sealing techniques, be^des being very small 
and difficult to implement, were subject to lealdng be- 

10 cause of the flexing of the wire m tte seal, which woLrid 
open the seal. 

DISCLOSURE OF THE INVENTION 

IS [0008] Ttie present invention provides a mrcrocap Vi^a- 
fer-level package in which a micro device is connected 
to bonding pads on a base wafer. A peripheral pad on 
the base wafer encompasses the bonding pads and the 
micro device. A cap wafer has gaskets formed thereon. 

20 Bonding pad gaskets match the perimeters of the bond- 
ing pads, and a peripheral pad gasket matches the pe- 
ripheral pad on the base wafer, W^ls are located inside 
the perimetei^ of the bond pad gaskets and are formed 
to a predetermined depth In the cap wafer. The cap wa- 

25 for is tr^ placed ov^ the base vi^i^r so as to bond the 
gaskets to the pads and form a hermetically sealed vol- 
ume between the bonding pad gaskets and the penph-- 
emi pad gasket. The cap wafer is thinned to fomi a **mi- 
cRDcap". Essentially, the microcap is thinned below the 

30 predetemilned depth until the wells become through 
holes that provide access to the bonding pads inside the 
package, but outside the hermetically sealed vc^ume, 
for conductors' from a mkso device utilEzing system. This 
arrangement assures a highly reliable hemietic seal for 

ss the wafer-level package, which allows electrical connec- 
tions without passing through a seal. Further, this proc^ 
ess permits the wafers to be made thinner than prevt- 
oisly pr;»cticai because it ftxms the mk;rocap in situ 
avoids the handling of the fragile microcap during as^ 

40 sembly, 

[0009] The present invention further provides a micro- 
cap wafer-level package in ^Nhlch a miaro device is con- 
nected to bonding pads on a base wafer. A peripherat 
pad on ^e base wafer encompasses the tTonding pads 

4$ and the micro device. A cap wafer is processed to form 
wells of a predetermined depth in the cap wafer. A con- 
ductive material is coated onto the walls of the wells in 
the cap wafer. The cap wafer has contact gaskets and 
a peripheral gasket formed thereon where me ccmtact 

50 gaskets are capable of being aligned with the bonding 
pads on the base wafer, and the gasket matches the 
peripheral pad on the base wafer. The cap wafer is then 
placed over the base wafer so as to bond the contact 
gaskets and gasket to the pads and form a hermeticaHy 

55 sealed volume within the peripheral gasket. The cap wa- 
fer is thinned below the predetemiined depth until the 
conductive material is exposed to form conductive \nas 
through the cap waf^ to outside the hermetically sealed 



3 



EP1 199 744 A1 



4 



volume, Thrs via anrang^nent assures a retiable, high 
conductivity, hermetically sealed connection into the 
wafer-level package. Further, this process permits the 
wafers to be made thinner than previously practical be- 
cause ft forms the mlcrocap In sttu and avoids the han- 
dling of the tragi fe microcap during assembly. 
[0010] The present Invention provides an electrical or 
mechanical device in a wafer-level^ chip-scale package 
that hermetlcaiiy seals the semicx>nductDr de>^e v^ile 
providing electrical or thermal connection through one 
of the wafers. 

[0011] The present invention furtlw provides a de- 
vice in a wafer-level, chip-scale package that allows an 
electrical connection to the device to be made through 
the wafer seaffng the package itself. 
{001 The present invention further provides a de- 
vice in a wafer-level, chip-scale package that allows an 
electrical connection to the device to be made tiirough 
openings In a cap wafer to bonding pads, which are in- 
dl^dually sealed at the same time the de^ce, is seated. 
[001 3| The present invention further provides a wafer- 
level, chip-scale packaging technique utilizing a low- 
temperature, batch process done at the wafer level 
which results in a hemietic seal and allows electrical 
contacts to be made to standard bonding pads on a base 
wafer. 

[0014] The present inventbn ^rther provides a rela- 
tively simple proems that results in a hermetic seal fc^ 
SOTiiconductor devices which does not require high volt- 
ages or temperatures. 

[001 5] The present invention further provides a meth- 
od of manufacturing a wafer package utilizing process 
steps and equipment that are starKiard or dose to stand- 
ard to the processes and equipment used in a typical 
semicx}nductor laboratory or manufacturing facility. 
[0016] The above and addition^ advantages of the 
present invention wil become apparent to those skilled 
in the art from a reading of the foHowIng detailed descrip- 
tion when taken in conjunction with accompanying 
drawings. 

BRIEF DESCF^PTION OF THE DPRAWINGS 
[0017] 

FIG, 1 shows a cross-sectlcmof the rrtcrocap wafer- 
level package of the present invention; 
FlGs. 2A through 2F show the process steps forfab- 
ricafing the mk^rocap wafer-^levd package of ^e 
present invention; 

FIGs. 3A through 3C show the process steps for an 
alternative method of fabricating the microcap wa- 
fer-level package of the present invention: 
FIG. 4 shows the microcap wafer-level package of 
the present inventicm aft^ alternative processing to 
accormiodate a large semiconductor device; 
FIG, 6 ^ows the microcap waf^-level package of 
the present inv^tion showing alternative positions 



for an integral Integrated circuit; 
FIG, 6 shows a cross-section of the microcap wafer- 
level package of an alternate embodiment of the 
present Invention; and 
5 FIGs. 7A through 7E ^w the process for fata-icat- 
ing the mk;rocap wafer*ievel package of the alter- 
nate embodiment of FiG. 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 

[0018] Referring now to FIG. 1, therein is shown a 
cross sectk}n of a microcap wafer-^evel pac^ge 1 0. The 
microcap wafer-level package 10 has a base wafer 12 
with an associated micro device 14, such as an active 

IS device like an integrated circuit or a passive device tike 
a sensor. Bonding pads 16 and 18. electrically conriect- 
ed to the micsro device 14 by conductive leads (not 
shown), are also associated with the base wafer 12, 
Around the perimeter of the base wafer 12 is a periph- 

20 eral pad 20 v^k:h may be deposits at the same time 
as the bor>dlng pads 16 and 18. 
[0019] A peripheral pad sear, or gasket 22, extends 
between a cap vy^fer 24 and the peripheral pad 20 on 
the base wafer 12 and Is cold wetd bonded to the pe- 

25 ripheral pad 20 to provide a hermetically sealed volume 
25 around the micro de^^ce 14. The cap wafer 24 can 
be made of an electronically non-conductive material or 
a high-resistivity semiconductor material, suc^ as sln^e 
crystal silicon. Preferably, however, both ihe base wafer 

30 12 and the cap wafer 24 are made of the same semi- 
conductor material to avoid tiierm^ expulsion rras'- 
match problems. 

f 002iq The cap wafer 24 has through holes 26 and 28 

provided therein allowing access to the bonding pads 

35 1S and 18» respectively. The through holes 26 and 28 
are from 10 to 500 microns in diameter to allow access 
for conventional wire bonding tocrfs, CorxJuctors, such 
as bonding wires 30 and 32, can bie respectively wire 
bonded to the bofKling pads 16 and 1 8 to make the eleo- 

40 trical connections to tiie macro de^ce 14. Bonding pad 
seals, or gaskets 34 and 36, bond to the respective pe- 
rimeters of the bonding pads 16 and 18, and tiie gasket 
22 bonds to the peripheral pad 20 to fomi a hemietically 
sealed volume 25. The hermetically sealed volume 25 

4S encompasses the micro device 14 and the bonding pad 
gaskets 34 and 36. Atso, elecfnc^ connections {not 
shown) between ^e micro devk:e 14 and the bonding 
pads 16 and 18 are within the henmetically sealed vol- 
ume 25 and do not |:^iss through my gamete. 

50 [0021] The bonding pads 16 and 18, the gaskets 22, 
34, and 36, and the peripheral pad 20 in the embodiment 
shown are of gold; however, other materials can be used 
without departing from the scope of the |:»esent inven- 
tion. For example, other materials capable of being 

S5 bonded to each other can be used, such as silicon, in- 
dium, aluminum, copper, silver, alloys thereof, &nd com- 
pounds thereof. 

[0022] Referring now to FIGs. 2A through 2F, therein 
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are shown process steps for manufacturing the micro- 
cap wafer-level package 10 shown in FtG. 1. Hereinaf- 
ter, all components, which are the same ri the various 
figures, will use the same description and number nota- 
tions. 5 
[0023] FIG. 2A shows the cap wafer 24, A conductive 
seed layer 48 is deposited through a process such as 
sputtering or evaporation over the entire well-side sur- 
face of cap wafer 24. In the preferred embodiment, tie 
seed layer 48 is of gold. The gold is deposited In a se- "fo 
quence in which an initial deposition of a very thin ad- 
hesion layer (not shown) is sputtered. The adhesion lay- 
er is of a material to which the seed layer 48 adheres 
well and that adheres well to the cap wafer 24. in the 
best mode, the adhesion layer is of a metal su<^ as chro- ^5 
mium, nfckef^romium, titanium, or an alloy thereof 
where ^ seed layer 48 is gold and the cap wafer 24 is 
silicon. Then gold is deposited on top of the adhesion 
layer by sputtering. An exemplary thickness of gold 
vi/ould be 2,000 to 3,000 angs^oms (A). The adhesion 20 
layer rs used because goid itself does not adhere well 
directly to silicon. Bo^ layers, howev^, typicaHy are lard 
down in a single sputtering orevaporation run using con- 
ventional manufacturing equipment 
(G024I A photoresist layer 50 Is deposited, exposed ^5 
and developed in a conventional photolithographic proc- 
ess to produce the patten openings 52, which define 
the shapes of the gaskets 22, 34, and 36. It Is prefen-ed 
that thk^ photoresist lithography be used to create the 
pattern for ^0 formation of the gaskets 22, 34, and 36. ^ 
Standard photoresist forms relatively thin layers so a 
higher viscosity, thick photoresist layer 50 is required. If 
necessary, multiple layers of tie thick photoresist layer 
50 are used. The photoresist used to pattern the gaskets 
22, 34, and 36 needs to be at least as thk:k as the final 35 
thickness of the gaskets 22, 34, and 36. 
[0025] FIG. 28 shows the cap wafer 24 after it has 
been electroplated using frie seed layer 48 as an elec- 
trode. The conductive material of the gaskets is depos- 
ited in the openings 52 In the photoresist layer 50 on the ^ 
electncally conductive seed layer 48. The photoresist 
layer 50 is then removed using a conventional photore- 
sist stripping technique. 

[002^ In FIG. 2C, ^e remaining seed layer 48. which 
was formerty under the photoresist layer 60, Is etched 
away by a conventional etching process. The gaskete 
22, 34, and 36 reduced in height and thirvied by the 
thickness of the seed layer 48 that is removed. Another 
thick photoresist layer 54 is deposited to cover the gas- 
kets 22^34, and 36. Using thick photoresist photolithog- 50 
raphy^ the photore^st layer 54 is patterned and devel- 
oped to expose the areas of the cap wafer 24 where 
wells are to be etched. 

[0027] FIG. 2D shows ^e etched cap wafer 24 with 
the photoresist layer 54 removed. For illustratpve pur- 55 
poses only, the cap wafer 24 has an initial thickness in 
excess of 20G microns. The cap wafer 24 rs then etched 
to form wells 56 and 58 that, for Illustrative purposes. 



are approximately 100 nrHcrons deep. Conventional 
etching processes, such as a dry etch process, may be 
used to rr^ke ^e wei^ 56 and 58. One such dry etch 
process is a plasma-etch process used to etch high as- 
pect ratio channels and vtas In deep silicon etching. The 
process uses an alternating process of etching and de*- 
positing a polymer on the etched walls so that there is 
minimal undercutting in the dry etch process. This proc- 
ess enables very deep etching with little undercutting. 
The ol>iect is to have a deep enoL^h etch so that the 
depth of ^e. wells 56 and 58 will exceed the final thick- 
ness of the cap wafer 24 after processing. If the final 
thickness of the cap wafer 24 is under 100 microns, the 
welts 56 and 58 will be 1 00 mio-c^s deeper. 
[0028] In FIG. 2E, tiie cap wafer 24 is turned over and 
aligned to match the base wafer 12. The base wafer 12 
has been processed using conventional manufacturing 
processes to produce the bonding pads 16 and 18 and 
the peripheral pad 20. Briefly, an adhesion layer (not 
shown) is deposited on the base wafer 12 and a con- 
ductive material is deposited by sputtering or evapora- 
tlcMi on the ac^sbn layer. Patternlr^ Is done by photo* 
lithography, tfie unwanted conductive material is etched 
away, and the photoresist is removed. Anoth^ ap- 
proach is by performing the photolithography, deposit- 
ing the adhesion layer and the conductive material, and 
then remo>^ng the photoresist arKt the unwanted con- 
ductive material to form the bonding pads 1 6 and 1 8 and 
the peripheral pad 20. Channels or wires {not shown) 
electrically cor^iect the micro device 14 on the base wa- 
fer 12 to the bonding pads 16. arxt 18. The gaskets 34 
and 36, respectively, contact the bonding pads 16 and 
1 8 on base wafer 1 2 near the perimeters of the bond- 
ing pads 16 and 18^ and the gasket 22 contacts the pe^ 
rlpheral pad 20. The gaskets 34 and 36 are confl^red 
to substantially match tie perimeters of the respective 
bonding pads 16 and 18 such that there is at least 
enough room inside each of the gaskets 34 and 36 for 
the bonding wires 30 and 32 to be bonded as shown in 
FIG. 1. 

[0029] The base wafer 12 and the cap wafer 24 are 
then aligned and compressed together at temperatures 
up to 350 degree Centigrade until cold weld Ixmiing 
ocojfs. The gasket 22 and the peripheral pad 20 fuse 
together as do the gaskets 34 and 36 with their respec- 
tive bonding pads 16 and 18. This provides the com- 
pletely hermetically sealed volume 25 for the micro de- 
vice 14. 

[0030] In FIG. 2F, after the hermetic sealing Is com- 
plete, the cap wafer 24 is thinned Into a **microcap" using 
<^ventiohal wafer grinding or Imping arid polishing 
techniques so that the wells 56 and 58 become the 
through holes 26 and 28. The through holes 26 and 28 
extend ali the way through the cap wafer 24. The micro- 
cap wafer-level package 10 is then ready for connection 
In a nrwcro device ufe'lizing system (not shown). Electrical 
contact can be made to the bonding pads 16 and 18 on 
the base wafer 12 by bonding wires 30 and 32 using 
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conventional bonding tedviiques, such as ball or wedge 
bonding. This has tiie advantage of applying the bond- 
ing forces on the relatively thick base wafer 12. 
[0031] Referring now to FIGs. 3A through 3C. therein 
are shown various stages of an alternative mode of ^ 
manufacturing the microcap wafer-level package 10 
shown in FIG. 1> 

|0032] In FIG, 3A, the cap wafer 24 is patterned for 
wells 56 and 58 using ccmventionaJ photolithogrsi^lc 
techniques. Again, for iflustrative puiposes only, the cap 
wafer 24 has an initial friickness in excess of 200 mi- 
crons. The cap wafer 24 is then etdied to fcwm welts 66 
and 58 that, for iliustratrve purposes, are ^proximately 
100 mk^rons deep. Conventional etcNng processes as 
previously described may be used to make the wells 56 
and 58. /^ain, the object is to have a deep enough etch 
so that the depth of wells 56 and 58 will exceed the final 
thickness of the cap wafer 24 after processing. If the 
wells 56 and 58 are 100 microns deep, the final thick* 
ness of the cap wafer 24 must be under 100 microns so 20 
the wells 56 and 58 will fonm through holes when the 
final thickness Is reached, 

[0033] In FIG. 3B, the seed layer 48 is deposited 
through a process sucdi as sputtering over the entire cap 
wafer 24 and in Ihe wells 56 and 58. Where the seed 25 
layer 48 is of gold, it is deposited in a sequence In which 
an ini^al deposition of a very thin adhesion layer (not 
shown) Is sputtered. Again, the adhesion layer is of a 
metal such as chromium, nickel-<:hrDmium, titanium or 
any other metal that adheres w^l to the cap wafer 24 30 
which is silicon and to the gasket material which is gold. 
Then gold is deposited on top of the adhesion layer by 
sputtering. An exemplary thickness of gold would be 
2,000 to 3,000 A. Both layers typically are lad down In 
a single sputtering run using conventional manufactur- 
ing equipment, 

[0034] Also, a photoresist layer 50 is deposited, ex- 
posed and devek}ped En a conventional photolitho- 
graphic process to produce the pattem openings 52 
which define the shapes of the gaskets 22, 34, and 36. ^ 
It is preferred that ^ick photomslst lithography be per- 
formed to create the pattem for the formation of the gas* 
kets 22, 34, and 36. The photoresist used to pattern tiie 
gaskete 22, 34, and 36 needs to be at least as high as 
the gaskets 22, 34, and 36 are going to be thick. Further, 45 
rt must fHI the wells 56 and 58 Ni as few layers as possible 
to avoid the formation of bubbles between the layers of 
^ick phot<xesist. Multiple layers of thick photoresist 
may be used so that the photoresist thickness on the 
surface of the cap wafer 24 is more uniform, so 
[0035] FIG, 30 shows the cap wafer 24 after it has 
been electroplated using the seed layer 48 as an elec- 
trode. The conductive material of the gaskets 22, 34. 
and 36 is deposited at the openings 52 on the etedtrically 
conductive seed layer 48 exposed through the photore- 55 
sist layer 50. The photoresist layer 50 is then renK>ved 
using a conventional photoresist sapping technique. 
[0036] The cap wafer 24 Is then ready to be turned 



over and bonded to the base wafer 12 as ^lown in FJG, 
2E, and the rest of the pix}cess is the same. 
[003^ Referring now to FIG. 4, ^reln is shown a mi- 
crocap wafer-level package 60 where a cap wafer 62 
has been etched to accommodate a relatively tail, or 
thick, micro devtee 64 on the base wafer 12. Accorcfing- 
ly, the gap between the cap wafer 62 and the micro de* 
vice 64 can be adjusted by adding a step where the re- 
cess 66 is defined by a process such as etching in tiie 
cap wafer 62 directly above the micro device 64, The 
additional etching can be performed using a convention- 
al dry etch process to accommodate mk^o devices that 
are relatively high or that need to be packaged in as 
small a package as possible. The thiclmess of the cap 
wafer 62 is thereby reduced near the necess 66. This 
also allows for the use of gaskets 22. 34, and 36 that 
are shorter than the thickness of the mioio <tew:e 64 
resulting in the use of less material, such as gold, and 
allowing the use of a more cx)nventionat photoresist li- 
thography process. 

[0038] Referring now to FIG. 5, therein Is shown a mi- 
crocap waf^-levei package 70 having a cap wafer 72 
and a base wafer 74. Since the wafers btb sIHcxki, they 
can be easily processed using conventional semicon- 
ductor manufacturing |Ktx:esses to form the Integrated 
circuits 76 and 78^ respectively, in the cap wafer 72 andJ 
or ^e base wafer 74, Since the gaskets 34 and 36 are 
made of a conductive material, the integrated circuit 76 
is easily electrically connectable through them to the 
t>oiKling pads 16 and 18 either by retainlr^ pc^ions of 
the conductive seed layers or by teaming polysllicon 
channels on the cap wafer 72. The integrated circuit 78 
f n the base wafer 74 Is connectable In the same manner 
as the miCTo de^ce 14. 

[0039] It should be noted ti^at a gsp is shown between 

the cap wafer 24 and the micro device 14. The present 
invention can be used to accommodate devices whether 
or not sudi a gap is necessary. For exanrple, for stxne 
applications such as some sensors or filters, an air gap 
above the device is required for the device to work prop- 
erty. Simllariy, if a device comprises a mechanical de\nce 
and rmvtng parts tiiat need to be free moving as In an 
accelerometer or pressure senscHV then a gap may be 
required. In the case of Integrated circuit devices, for 
exanr^le, the gap may not be required. The distance of 
the gap can be coritrc^led by a combination of how high 
the gaskets are plated and how much pressure Is ap- 
plied to combine the cap wafer 24 with the base wafer 
12 by corr^resslng the gaskets thereby avoiding the 
need for multi-iayered gaskets. Appro^dhes slrrnlar to 
those shown in FiGs. 4 and 5 could also be applied. 
[0040] Referring now to FIG. 6, therein is shown a 
cross section of a microcap wafer^evef package 110 
having a base wafer 112. The base wafer 112 has an 
associated micro device 114, such as an active device 
like an Integrated circuit or a passive device tike a sen- 
sor The micro devkre 114 is elecb-lcaily connected Id 
bonding pads 116 arnJ 118 t)y cc»iductlve leads (not 
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shown) also associated with the base wafer 112. Around 
the penmeter of the base wafer 112 is a peripheral pad 
120 which may be deposited at the same time as the 
bonding pads 116 and 118, and may be of the same 
thickness. 

[0041] A perif^ral pad seal, or gasket 122, extends 
between a cap wafer 1 24 and the peripheral pad 1 20 on 
the base wafer 112 and is cold weld bonded to the pe- 
ripheral pad 120 to provide a hermeficafly-seaJed vol- 
ume 125 around the micro device 114. The cap wafer 
124 can be made of an electromcally non-conductive 
material or a high-reslstivity semiconductor material, 
such as single crystal silicon. Preferably, however* both 
the base wafer 112 and the cap wafer 124 are made of 
the same material to avoid thermal expansion mismatch 
problems. 

[004^ The cap wafer 124 has conductive vias 126 
and 128 pro^^ded th^ein. Contact gaskets 130 and 132 
are respecdveiy fomied on ^e conductive vias 1 26 and 
128 at the same time the gasket 1 22 is formed. The con* 
tac^ gaskets 130 and 132 are cold weld bonded to the 
respecth^e bonding pads 116 and 118 to make the elec^ 
trical connections to the micro device 114. With tiie 
present invention, electrical connections (not showt) 
between the micfx? device 114 and its bonding pads, 
such as tiie bonding pads 116 and 118, are located in 
the hermeticaiiy-seaied vofuvne 125 and do not pass 
trough the gasket 122* 

10043] The cap wafer 124 is further provided with out- 
side bCHiding pads 134 and 135 having conductors, or 
bondmg wres 136 and 138, respectively, bonded there- 
io for connecting tfie mucrocap wafer-level package 110 
and ttie micro device 114 to a micro device-utilizing sys- 
tem (not shown). The outside bonding pad 135 may be 
offset from ^e centeitine of the conductive via 128 
which Is open since the contact gasket 132 provides a 
hermetic seaL 

[0044] The bonding pads 116 and 118, the peripheral 
pad 120» and Oie contact gaskets 130 and 132, in the 
embodiment shown are of gold; towever, other materi- 
als can be used without departing from the scope of the 
present Invention. For example, other materials capable 
of being borxled to each other can be used, such as ^J- 
fcon, indium, aluminum, copper, silv^, aiioys thereof, 
and <x>mpounds thereof. 

[0045] Refening now to FIGs. 7 A through 7E. therein 
are shown the process steps for fabricating the micro- 
cap wafer-level package 110 shown In FJG. 6. Herein- 
after, all components, which are the same In the various 
figures, will use the same description and number nota- 
tions. 

[0046] FIG, 7A shows the cap wafer 124 with wells 
140 and 142 formed having respective walls 146 and 
147. Tbe wells 140 and 142 are formed using conven- 
tiof>al jc^otoiithograpNc and etching processes. One 
conventional etching processes is dry etching, v^^ich is 
a plasma-etch process used to etch high-aspect ratio 
channels and vias in deep silicon etching. The process 



uses an alternating process of etching and deposrdng a 
polymer on the etched walls so that there is minimal un- 
dercutting. This proems enables very deep etching wt^ 
little undercutting. The object is to have a deep enough 

5 etch so that the depth of wells 140 and 142 will exceed 
the final tNckness of the cap wafer 124 after processing. 
The processing involves reducing the thickness of the 
cap wafer 124 on the non-^weil side by a process such 
as grinding or lapping and polishing to expose the wells 

10 140 and 142. For illustrative purposes only* ihe cap wa- 
fer 124 h^ an initial fhld<ness in excess of 200 microns. 
The cap wafer 124 is then etched to form wells 140 and 
142 ^at, for liiustrative purposes, are approxirriatety 1 
to 50 microns in diamneter and over 100 microns deep. 

19 [0047] in FIG. 7B, a conductive seed layer 152 Is de- 
posited through a bias sputtering or evaporation proc- 
ess ow&r the entire well-side surface of the cap wafer 
124* In tie best mode, the seed layer 152 Is of gcrfd and 
is deposited in a sequence starling v^th a very thin ad- 

20 hesion layer (not shown) being bias sputtered. The ad- 
hesion layer is of a material that adheres well to the c^ 
wafer 1 24 and to wNch the seed layer 1 52 also adheres 
well. Metals such as chronr^um, nickel-chromium, titani- 
um^ or an alloy tliereof are used when the seed layer 

25 152 is gold and the cap wafer 124 is silicon. The adhe- 
sion layer IS used because the gold itself does not ad- 
here well dirTCUy to silicon. Then gokJ is deposited on 
top of the adhesion layer by sputtering to a 4,000 to 
5,000 A thickness In the present example. Both layers, 

30 however, typically are laid down in a single sputtering or 
evapora^on run using conventional manufacturing 
equipmmt To furth^ encourage gold coverage of the 
walls 146 and 147, the first layer of gold may be sputter 
etched off throwing some of the gold material at the bot- 

36 torn of the wells 140 and 142 onto the walls 146 and 
147. This would l^e folk>wed by a final bias sputtering of 
gold. 

[0048] A photoresist layer 154 is deposited, exposed 
and devel(^ed in a conventional photolithographic proc- 

40 ess to fcrm the pattern openings 156 which define the 
shapes of the contact gaskets 130 and 132 and the gas- 
ket 122. it is preferred that thid< photoresist litiiography 
be used to create the pattern for tt^ formation of the 
contact gaskets 130 and 132 and the gasket 122. Stand- 

4S ard photoresist forms relatively tfiln layers so a higher 
viscosity, thidc photoresist layer 164 is required. The 
thick photcHesist layer 154 used to pattern the contact 
gaskets 130 arKf 132 and the gasket 122 needs to be at 
feast as thick as the final thickness the contact gaskets 

50 130 and 132 and the gasket 1 22. Ttie photoresist layer 
154 can be depps^ed in multifile layers so that ttie pho- 
toresist tiiickness on ^e surface of the cap wafer 124 is 
more uniform. 

[0049] FIG. 7C shows the cap wafer 124 after It has 
55 been electroplated using tiie seed layer 152 as an elec- 
trode. The conductive material of the contact gaskets 
130 and 132 and the gasket 122 is deposited in the pat- 
tern openings 156 in the photoresist layer 154 on the 
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seed layer 152. The photoresist layer 154 removed 
by u^ng a conventional photoresist strrpping tedinique. 
The training seed layer 152 is selectively etched away 
by a conventional etching process. As the seed layer 
152 is removed, the contact gaskets 130 and 132 and s 
the gasket 122 are reduced in height and Itilrmed by the 
thickness of the seed layer 152 that is removed, 
[0050] In FIG. 7D the cap wafer 124 is turned over 
and aligned to match the base wafer 112. The base wa- 
fer 112 Is processed using conventional photolitho- io 
graphic processes to produce the bonding pads 116 and 
118 and the peripheral pad 120. Briefly, an adhesion lay- 
er (not shown) is deposited on the base wafer 112 and 
a conductive material is deposited by sputtering or evap- 
oration. Patterning is done by photolithography, the un- fs 
wanted conductive materia} Is etched away, and ^e 
photoresist Is removed. Another approach is by per- 
forming the photolithography, depositing the adhesion 
layer and the conductive material » and then remo^^ng 
the photoresist and the unwanted conductive material 20 
to form tiie rontact gaskets 1 30 and 1 32, and the gasket 
122. The base wafer 112 also has the micro device 114 
associated with it, which is electrically connected to the 
bonding pads 116 and 118 by channels or wires (not 
shown)'. 25 
[0051] The base wafer 112 and the cap wafer 1 24 are 
fhen aligned. The contact gaskets 1 W and 132 contact 
the bonding pads 116 and 118, respective^, on the base 
wafer 112 while the gasket 122 contacts the peripheral 
pad 120. • ^ 
[0052] The base wafer 112 and the cap wafer 1 24 are 
then compressed together at temperatijres up to 360 
degrees Centigrade until cold weld bonding occurs. The 
ccmtact gaskets 130 and 132 weld with their respective 
bonding pads 116 and 11 8. At the same time, the gasket 3S 
122 and the peripheral pad 120 weld together. This pro- 
vides the corr^letely hermetically sealed volume 1 25 for 
the nrticro device 114. 

[0053] After the hermetic seab'ng has been complet- 
ed, the cap wafer 124 is thirm^d to form a "microcap" ^ 
using a wafer grinding or Japping and polishing tech- 
niques until the wells 140 and 142 are opened up and 
the conductive vlas 126 and 128 extend all the way 
through the cap wafer 124. 

[0054] In FIG. 7 E, a metal layer, such as nickel*chro- 46 
iTMum and gold, is tnas sputtered over the cap wafer 124 
to 7000 A thickness In the present example. A standard 
photolltiiographic and etching process is then used to 
form outside bonding pads 134 and 135. The outside 
bonding pad is directly over ihe conductive via 1 26 and ^ 
the outside bonding pad 135 Is offset from the conduc- 
tive A^a 128, 

[0055] The microcap wafer-^level package 1 1 0 is then 
ready for connection in a micro device utilmng syst^ 
(not shown). Electrical contact can be made to the out- 56 
side bonding pads 1 34 and 135 that are outside tie her- 
rm^cally sealed volume 1 25 on the c^ wafer 1 24. The 
bond^ wires 136 and 138, shown in FIG. 6, can be 



bonded to the respective outside bonding pads 134 and 
135 using ccmventional t>ondkig techniques* such as 
baH or wedge boncNng. In a further alt^nate mode, it is 
possible to extend the bonding pad, as shown by bond- 
ing pad 135, so as to bond in a location offset from the 
conductive via 128 and thus place the wires 136 and 
1 38 dose together for a more compact wafer«levei pack- 
age 110, 

[0056] it should be noted that a gap is shown between 
the cap wafer and the micro device. The presmt inven- 
tion can be used to accommodate devices whether cr 
not such a gap is necessary. For example, for some ap- 
plications such as some sensors or lilterSp an air gap 
above the device rs required for the devk:e to work prop- 
eriy. SImilariy, If a de\4ce comfiKlses a meclianical de^^ce 
and rrK»^ng parts that need to be ivBe moving as in an 
accelerometer or pressure sensor, then a gap may be 
required. In the case of Int^rated circuit devices, for 
example, the gap may not be required. The distance of 
the gap can be controlled by a combination of how high 
the gaskets are plated and how much pressure is ap- 
plied to combine the cap wafer with the base wafer by 
compressing the gasicets thereby avoicfing the need fcr 
multi-layered gaskets. 

[0057] The present Invention has appiicabSlty In any 
situaticMi rec^iring wafer>level packaging. The present 
Inventk^n can be used to package both active and pas- 
sive devices. Including but not timited to Integrated cir- 
cuits, tilths, pressure sensors, acceierometers, dlffer- 
er^ types of meehank:al calcMimeters, and oth^ devic- 
es. 

[0058] Although the present invention has been 
shown and described with respect to each microcap wa- 
fer-level package, it will be apparent to those skilled In 
the art that the methods described allow for waf^-4evel 
manufacturing of a plurality of microcap wafer-level 
packages at a time. The processes described can be 
Implemented to all the micro devtees on a given wafer. 
The IndMdual packaged devices can ^wi be cut^, or 
dk^d, in a conventional mannerto provide Individual de- 
vices that are herme^cally packaged. 
{0059] Additionally, v^lle the present invention has 
been described In conjurKrtfon with specific embodi- 
ments of the best mode, it is to be understood that many 
alternatives, modifications, and variations will be appar- 
ent to those skilled in the art in light of the foregoing de- 
scription. Accord Higly, it is Intended to embrace all such 
alternatives, modifications, and variations, which fall 
within the scope of the present invention as, set forth in 
the appended claims. AJi matters set forth herein or 
shown in the accompanying drawings &re to be inter- 
preted ffi an illustrath^e arnl nm-limlting sense. 



Claims 

1. A method of manufacturing a wafer package [10] 
comprising: 
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provJding a first wafer |1 2J. a second waf^ [24], S. 
and a micro device [14J; 
forming a bonding pad [16] and a peripheral 
pad [20] on said first wafer (12], sard peripheral 
pad [20} encompassmg said bonding pad [16]; s 
fomiing on said second wafer [24] a first seal 
[34] substantiafJy matching the perimeter of 
said bonding pad [16] and a second seal [22} 
encompassing said first seal [34] and matching 
said peripheral pad [20]: 
forming a well [56] in said second wafer [24]; 
bonding said first and said second wafers [12, 
24] together using said first and said second 
seals [34, 22] and said bonding and peripheral 
pads [1 6, 20] to form a herme^caJly sealed vol- 
ume [26] therebetween, said second wafer [24] 
posrtionable with said well [56] over said bond- 
ing pad [16], and said micro de\^oe [14] in said 
hermetically sealed volume [25] between said 6. 
seals 34, 22}; and zo 
removing a portion of said second wafer [24] 
whereby said well [56] becomes a through hole 
[26] in sard second wafer [24], said thnDugh hole 
[26] open to said bonding pad [16] on said first 
wafer [12]. 25 

The method of manufacturwig a wafer padcage [10] 

as claimed in claim 1 wherein forming said first and 7. 

said second seals [34, 22] includes: 

30 

forming a seed layer [48} on said second wafer 
[241; 

processing said seed layer [48] to leave a seai- 
patterned material [50] th&reon: 
depositing said seals [34, 22] on said seed layer 35 
[48] using said seal-patterned material [50]; 
renK>ving said seal-patterned material [50]; and 8. 
removing said seed layer [48] formerly under 
said seal-patterned material [50). 

40 

The method of manufacturing a wafer package [10] 
as f^aimed in claim 1 wherein forming said well [56] 
in said second wafer [24] Includas: 

9* 

processing said second wafer [24] to leave a 
well-pattemed material thereon; 
forming a well [56] of a predetemiined dqpth In 
said second wafer [24] using said well-pat- 
terned material [50]; and 
removing said wefi-patterned materia^ [50]. 



The method of manufacturing a wafer package [1 0] 
as claimed in claim 1 wherein forming said first and 
second seals [34. 22] Includes: 

forming a seed layer [48] on said second wafer 
[24] and in said welt [56]; 
processing said seed layer [48] to leave a seal* 
patterned material [50] thereon; 
depositing said seed layer [48] using said seal- 
pattemed material [50]; and 
removing said seed layer [48] formerly under 
said seai-pattemed material [50] with said seed 
layer [48] in said well [56] in conductive contact 
with one of said seals [34 or 22]; and 
forming an outside bonding pad [16] In conduc- 
tive contact with said seed layer [48] in contact 
with said one of said seals [34 &• 22], 

The meUiod of manufacturing a wafer package (1 0] 
as claimed in d^m 1 wherein: 

bonding is performed at a low t^nperature ur>- 
der compression whereby s^d first seal [34] is 
cold weld bonded to said bonding pad [16] and 
sakj second seal [22] Is cdd ^A/dd bonded to 
said peripheral pad [20]. 

The method of manufacturing a wafer padcage [1 0] 
as dalmed in claim 1 Induding: 

pladng said wafer package [10] in a mk^o de- 

yAce [14] utilizing system; and 

connecting said micro device utilizing system 

and said bonding pad [16] on said first wafer 

[12]. 

The method of manufacturing a wafer package [10] 
as claimed in daim 1 induding: 

defining a recess [66] In one of said wafers[72 
or 74] whereby a tali mlm device [64] can be 
accommodated. 

The method of manufacturir^ a wafer package [10] 
as dalmed in claim 1 v^erein: 

provldHig said micro devk::e [14] includes 
proces^ng at least one of said first and said 
second wafers [12, 24] to form said mic^o de- 
vice [76, 78] therein. 



The method of manufacturing a wafer padcage [10] 
as claimed in daim 1 including: 

forming a seed layer [48] on said second wafer 55 
[24] and in said well [56], said seed layer [48] 
conductivdy connected to saW second seal 
[22]. 



1 0< The method of manufacturing a wafer package [10] 
as dairr^ed in claim 1 wherein: 

forming said first and said second seats [34 » 22] 
forms said seals [34» 22] using a material se- 
lected from a group consisting of gold, siik:on, 
ihdium, aluminum, copper, silver, an alloy 
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thereof, and a compound thereof. 
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FIG. 2E 
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FIG. 3B 
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FIG. 7B 
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